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Abstract 
Blackfly communities from five German stream types out of two ecoregions ( mall and mid- 
sized siliceous gravel-bed mountain streams of the Central mountains, ecoregion 9, and or- 
ganic type brooks, small and mid-sized sand-bottomed Central lowland streams of ecore- 
gion 14) are compared. Ecoregional, as well as stream type-specific biocoenotic differences 
are discussed. The presence of Prosimulium sp. was restricted to mountain streams, whereas 
Simulium lineatum seemed to prefer mid-sized sand-bottomed Central lowland streams, and 
S. vernum showed aclear preference for Central lowland streams. An Index of Morphologi- 
cal Stress (IMS), derived from 22 geo-hydromorphological parameters recorded uring sam- 
pling in the field, is presented. According to the IMS values, sites are divided into morpho- 
logically 'unstressed' sites (high or good morphological quality) and 'stressed' sites (moder- 
ate, poor or bad morphological quality), and biocoenotic differences ofthe two categories are 
discussed. Two stream types and the entire data set showed significantly higher numbers of 
taxa at 'unstressed' sites. Linear Multiple Regression (LMR) was used to identify geo-hydro- 
morphological parameters that significantly explain the variance of the three most constant 
taxa, Prosimulium sp., P. hirtipes and Simulium sp. in the LMR model. 
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Introduction 
During the last centuries many streams and rivers 
throughout Europe have been strongly impacted by 
human activities. Organic effluent, acidification, toxic 
substances, and other contaminants still are important 
pollutants. However, since wastewater treatment facili- 
ties in Germany have become increasingly efficient dur- 
ing the last decades, the organic quality of stream water 
increased continuously (e.g. Nieder¢ichsisches Lau- 
desamt ftir 0kologie 2000; Hessisches Ministerium ft~r 
Umwelt, Landwirtschaft und Forsten 1999). Hence, 
other sources of degradation, formerly of secondary in- 
terest, were recently brought into the focus. In particular, 
morphological degradation is presently presumed to be 
an important stressor in many Central European stream 
systems. German streams and rivers e.g. hold a moder- 
ate/good water quality at about 80% of the total water- 
way length, but, in contrast, only 20% of the total ength 
is of moderate/good morphological quality (e.g. Hessi- 
sches Ministerium ftir Umwelt, Landwirtschaft und 
Forsten 1999). 
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In December 2000, the EU Water Framework Direc- 
tive (European Union 2000) brought about he need for 
new appropriate methods for defining the 'ecological 
quality of aquatic systems'. Accordingly, future assess- 
ment methods must primarily focus on biotic indicators, 
comprising the aquatic flora (macrophytes, benthic 
algae and phytoplankton), the benthic invertebrates and 
the fish fauna. Furthermore, the entire ecological assess- 
ment is based on stream type-specific near-natural refer- 
ence conditions. 
Several EU-funded projects currently aim at develop- 
ing tools for assessing the degree of degradation of 
streams and rivers throughout Europe (e.g. AQEM Con- 
sortium 2002, homepage: www.aqem.de; EU project 
'STAR' Standardization f River Classification, home- 
page: www.eu-star.at; EU project 'REFCOND' Devel- 
opment of a protocol for identification of reference con- 
ditions, and boundaries between high, good and moder- 
ate status in lakes and watercourses, homepage: www- 
nrciws.slu.se/REFCOND). 
The EU project AQEM was carried out from February 
2000 to February 2002, and developed an assessment 
system for selected stream types throughout Europe 
using benthic macroinvertebrates. In general, macroin- 
vertebrates are particularly well-suited for assessment 
and quality indication systems ince a comparatively 
large amount of data exists, the identification is relative- 
ly simple, and they occur in large numbers in all stream 
types (HELLAWELL 1986; ROSENBERG & RESH 1993; 
DAVIS & SIMON 1995). Nevertheless, the insufficient 
ecological knowledge of several taxonomical groups 
(e.g. Simuliidae, Chironomidae) requires extensive fur- 
ther research efforts to allow these groups to be included 
in a sound explanation of macroinvertebrate reference 
conditions. 
Within the AQEM project, multimetric assessment 
systems were developed for 28 stream types in eight 
partner countries based on stream type-specific refer- 
ence conditions (AQEM Consortium 2002). In Ger- 
many, five stream types were investigated, of which 
three were located in the Central Lowlands (ecore- 
gion 14), and two in the Central Lower Mountain 
Ranges (ecoregion 9) (ecoregions according to IL- 
HES 1978; European Union 2000, Annex XI, Map A). 
This study presents a stressor-specific and reference- 
based approach to meet he demands of the forthcoming 
and more sophisticated assessment of steams and rivers, 
as arising from the European Union (2000). It is fo- 
cussed on the role of blackflies (Simuliidae) as indica- 
tors for the structural quality of mountain and lowland 
streams in Germany (ecoregion 9 and 14, respectively). 
Blackfly larvae are widespread and regular members of 
the lotic community, and they inhabit most types of run- 
ning waters. Several species are restricted to specific 
ranges of biotic and abiotic parameters, thus meeting a
minimum demand of indicator species(groups) for as- 
sessment. Moreover, certain species are known to be 
sensitive .g. to acidification or organic pollution (SEITZ 
1992), however, the impact of structural degradation on 
blackfly communities has not yet been well studied. 
The main questions to be answered were, i) whether 
blackfly communities show ecoregional differences in 
presence/absence and species composition and ii) 
whether the presence/absence of blackfly communities 
is linked to specific morphological features, thus provid- 
ing an opportunity to indicate morphological stress by 
certain species or species groups respectively. 
Table 1. Stream type properties (NRW = North-Rhine/Westphalia; RP = Rhineland-Palatinate; HE= Hesse; BB = Brandenburg; PL =Western 
Poland. The size typology followed the classification given by the EU Water Framework Directive (European Union 2000, Annex II). 
Stream type code Description (catchment) Ecoregion Federal state Sampled seasons No. of sites No. of samples 
D 01 Small sand-bottomed streams, 14 NRW spring, 
lowland (10-1 O0 km 2) summer 
D 02 Small organic-type brooks, 14 NRW spring 
lowland (10-100 km 2) 
D 03 Mid-sized sand-bottomed streams, 14 NRW spring, 
lowland (100-1000 km 2) BB summer, 
PL autumn 
NRW spring, 
RP summer 
HE 
NRW spring, 
RP summer 
HE 
DO4 
DO5 
Small siliceous gravel-bed streams, 9 
lower mountain range 
(10-1 O0 km 2) 
Mid-sized siliceous gravel-bed 9 
streams, lower mountain range 
(100-1000 km 2) 
sum 
12 24 
13 13 
S 15 
11 33 
2 6 
19 38 
10 20 
9 18 
7 14 
4 8 
92 189 
Limnologica (2002) 32, 273-288 
Indication of morphological degradation using Simuliidae 275 
Site selection and study area 
In a first step reference conditions had to be defined for 
each investigated stream type, providing the basis for as- 
sessment of the 'ecological quality'; each stream section 
to be assessed is compared with the type-specific refer- 
ence, and the deviation consequently represents he de- 
gree of degradation. 
The allocation of German streams to stream types fol- 
lowed the draft typology approach by SCHMEDTJE et al. 
(2001). In case of the five investigated stream types, the 
applied approach is also congruent to the already exist- 
ing typology, e.g. of the Federal state of North-Rhine/ 
Westphalia (Landesumweltamt Nordrhein-Westfalen 
1999, 2001). The selected stream types are widely dis- 
tributed throughout Central Europe, as are the two inves- 
tigated ecoregions. 
Since agricultural land use and other anthropogenic 
impacts are effective all over Central Europe today, real 
reference conditions can hardly be found, and are re- 
stricted to small streams or catchments. In Germany e.g., 
there are almost no reference sites with catchments 
> 100 km 2 due to extensive land use practices and long- 
term river regulation. Therefore, where real reference 
sites have not been found (e.g. for mid-sized streams in 
ecoregion 9 (type D 05)), the 'best available' sites were 
taken as 'assessment references'. However, these 'as- 
sessment references' were regarded to represent a 'good 
ecological quality' instead of the 'high ecological quali- 
ty', and thus did not replace the (potential) reference 
conditions. 
Macroinvertebrate samples were taken from small 
and mid-sized gravel to cobble-bed streams of ecore- 
gion 9, and of small organic brooks, and small and mid- 
sized sand-bottomed streams of ecoregion 14. Stream 
type codes and general type description are given in 
Table 1. A total of 92 sites were sampled, 49 sites 
(= 53%) at mountain streams (ecoregion 9), and 43 sites 
(= 47%) at Central Lowland streams (ecoregion 14). 
The studied area of ecoregion 9 represents a part of 
this ecoregion, which sites are located in the Low Moun- 
tain Ranges of three German Federal states: North- 
Rhine/Westphalia ('Sauerland', 'Rothaargebirge'), 
Hesse ('Rothaargebirge') and Rhineland-Palatinate 
('Eifel') (Fig. 1). The predominant geological formation 
of all investigated catchments in ecoregion 9 is silicate 
rock (palaeozoic clayey slate). The substrate grain size 
at all sites ranges from fine to coarse gravel and cobble. 
The catchment size of the sites varies between 8km 2 in 
small streams and 1020 km 2 in mid-sized streams. 
All sites of the small sand-bottomed and small organ- 
ic brooks (stream types D 01 and D 02, respectively) are 
located in the western part of ecoregion 14 (North- 
Rhine/Westphalia), whereas most sites of the mid-sized 
sand-bottomed streams (type D 03) are located in Bran- 
denburg (Eastern Germany), and two supplementary ref- 
erence sites are located in western Poland (Fig. 1). 
Sand-bottomed streams are naturally dominated by 
fine to coarse sand; occasionally bands of small gravel 
occur. The degraded stretches are often regulated with at 
least partially fixed banks usually made of large cobbles 
or even boulders. Organic brooks (type D 02) are natu- 
rally dominated by bog mosses (e.g. Sphagnum sp.) and 
particulate organic matter (POM), which almost entirely 
covers the streambed. The share of mineral substrates 
(fine to coarse sand) increases with increasing degrada- 
tion. The catchment size of the lowland sites varies be- 
tween 10 km 2 in small streams and 750 kin 2 in mid-sized 
streams. 
For each stream type a variety of sites were pre-se- 
lected, representing a gradient in morphological degra- 
dation. The pre-selection of sites was based on several 
geohydro-morphological fe tures, and on the assump- 
tion that morphological degradation is the main stressor 
in the investigated stream types nowadays. 
50 100 150 km 
Fig. 1. Study area and location of sample sites in ecoregions 9 and 14. 
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This assumption was - concerning organic pollution - 
confirmed a posteriori by analysis of saprobic indices of 
all samples. Index values of all stream types ranged al- 
most constantly within class boundaries of saprobic 
class II (]3-mesosaprobic, moderately oaded) and re- 
vealed only slight differences between reference sites 
and sites of poor or even bad morphological status. 
Hence, all sites were comparable in terms of saprobic 
load. 
Methods 
Sampling, and sample processing 
All macroinvertebrate samples were taken with a 
25 x 25 cm shovel-sampler (mesh-size: 500 ~m), using a 
modified multi-habitat sampling (MHS) technique 
(AQEM Consortium 2002; HERING et al., in press; BAR- 
BOUR et al. 1999). A total of 20 sample units, each 
25 x 25 cm, were taken from each substrate ype cover- 
ing more than 5% of the stream bottom, and representa- 
tive to its share of the stream bottom. Substrates cover- 
ing less than 5% of the sampled reach were not sampled, 
but recorded in the site protocol. The restriction to a 
minimum coverage of 5% inevitably affected the effec- 
tiveness of sampling in terms of blackfly larvae. If there 
were e.g. only few stands of macrophytes or few pieces 
of woody debris present at a site, each comprising much 
less than 5% coverage, these microhabitats were not 
sampled. Consequently, blackflies present on the respec- 
tive microhabitats were neglected. 
A standardized site protocol was completed for each 
site, with information on about 130 habitat parameters, 
e.g. hydrology, morphology, geology, landuse, etc. In 
particular several morphological parameters were 
recorded at the site, reach or catchment scale in order to 
provide a basis for extensive analysis of relation be- 
tween species/species groups and site related morpho- 
logical features. A detailed list of site protocol parame- 
ters and the description of sample processing in the lab 
are published by the AQEM Consortium (2002). 
Except the mid-sized sand-bottomed streams (type 
D 03), which were sampled three times in summer and 
autumn 2000, and in spring 2001, the other stream types 
were sampled twice in spring and summer 2000. 
Table 2. Site protocol parameters and index groups for the calculation of the Index of Morphological 
Stress. 
Index groups Site protocol parameters 
'Bonus'parameters 'debris index' No. of logs at site 
No, of debris dams at site 
'organic substrate index' % xylal 
'Malus'parameters 
'shading index' 
'shoreline index' 
'floodplain index' 
'land use index' 
'scouring index' 
'bank fixation quality index' 
'stress structure index' 
% organic substrates 
No, of organic substrates 
% shading at zenith 
stream channel width 
% shoreline with woody vegetation 
width of shoreline vegetation 
No. standing water bodies in the floodplain 
width of natural floodplain vegetation 
% pasture/meadow at site 
% tilled land at site 
% urban area at site 
depth of scouring 
% bank fixation with: 
concrete 
stones 
wood / trees 
removal of natural floodplain vegetation 
presence of: 
stagnation 
straightening 
impoundments 
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Identification of blackfly larvae was carried out to 
genus level except for mature larvae with well-devel- 
oped gills; those specimens were determined further. 
Simuliid pupae were identified to species level when- 
ever possible. Since many individuals were present as 
unidentifiable immature larvae, which were not possi- 
ble to identify to species level, only the genera or if 
possible, the species group, was recorded for these 
specimens. 
Development of an Index of Morphological Stress 
and allocation of 'unstressed' versus 'stressed' sites 
Since the main idea of the present study was to investi- 
gate the relation between the benthic blackfly communi- 
ties at a variety of sites representing a gradient of mor- 
phological degradation, a more or less subjective pre-se- 
lection was carried out in the field prior to sampling. 
Thus, sampling of sites that represent a gradient of mor- 
phological degradation was guaranteed, which was a 
major prerequisite odetect the influence of morpholog- 
ical stress on the benthic community. However, for 
sound statistical nalysis the subjective pre-selection i  
the field had to be replaced by a more objective post- 
classification, which was based on and verified by a va- 
riety of site protocol parameters. 
In a first step, all hydro-geomorphological site proto- 
col parameters were classified by means of hierarchical 
cluster analysis. As a result, i) site protocol parameters 
with redundant information (e.g. share of stream bed 
shading and water temperature), and ii) groups of site 
protocol parameters ofsimilar characteristics (e.g. phys- 
ical-chemical parameters, riparian related parameters, 
etc.) were identified (Fig. 2). The cluster analysis re- 
vealed two major parameter groups, of which the first 
comprises a set of stress-indicating features ('Malus'pa- 
rameters), and the second comprises a set of habitat 
quality-indicating features ('Bonus'parameters) (Fig. 2). 
'Bonus'parameter values were recalculated into pa- 
rameter group indices (for index groups ee Table 2), re- 
garding the maximum respective group index value plus 
10% as the basis for %-recalculation. The 110% basis 
was used due to the assumption that even the presumed 
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Fig. 2. Identification of redundant site protocol parameters and combination to parameter groups of different spatial scales by means of hier- 
archical cluster analysis (redundant and omitted site protocol parameters in light grey). 
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reference sites do not necessarily represent the best pos- 
sible structural equipment, and thus, values of more than 
100% might result. 
Example: The shading index comprises i) the share 
of stream bottom that is shaded under fully developed ri-
parian canopy, and ii) the stream channel width, as the 
maximum possible shading usually decreases with in- 
creasing stream channel width. Both parameters are 
therefore multiplied in order to consider the width-de- 
pendent maximum share of shading. However, if actual 
shading at a site was nearly complete, 100% was taken 
as the resulting shading index as well. 
An 8 m wide stream section of type D 03 streams with 
80% shading would, therefore, get a shading value of 
640. The maximum observed shading value at sites of 
this stream type was 720, which here represents 100%. 
Related to the 110% recalculation basis, a shading value 
of 640 represents 81% (= 0.81) of the size-dependent 
maximum possible shading index. 
Index values of 'Malus'parameters were calculated 
likewise, added up, and subtracted from the summed 
'Bonus'indices. The resulting values of the Index of 
Morphological Stress were finally rescaled, so that hey 
resulted in values from 0 to 1 (or 0-100%, respectively) 
(Fig. 3). 
For the purposes of the present study, 'unstressed' and 
'stressed' are introduced as more general terms to ex- 
press the morphological quality of sites instead of the 
five-class classification as demanded by the EU Water 
Framework Directive (European Union 2000). 
Statistical analysis 
The statistical analysis focused on three major questions: 
1. Are there (dis-)similarities in the blackfly commu- 
nities of different ecoregions and different stream types 
respectively? 
2. Is the presence of blackflies related to certain mor- 
phological features? 
3. Do certain species or species groups indicate mor- 
phological stress? 
The similarity of blackfly communities was explored 
using Multidimensional Scaling (MDS). MDS is an or- 
dination method based on similarity/dissimilarity matri- 
ces. As a result, the MDS graph shows similar entities 
near by and dissimilar entities far apart in the ordination 
space. Based on a presence/absence matrix of 'un- 
stressed' sites, MDS was performed using Jaccard dis- 
similarities (distances). The analysis was restricted to 
'unstressed' sites in order to minimise the overlap of 
degradation-dependent variation. The analysis only in- 
cluded taxa with a constancy >5%. Thus, P. tomosvaryi, 
S. angustipes-aureum-velutinum-gr., S. costatum, S. Iund- 
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Fig. 3. Ind/ces of MorphologicalStress in decreasing order for 54 samples of mid-sized sand-bottomed lowland streams (type D 03) with class 
boundaries of the five Ecological Quality Classes (FQC) according to European Union (2000). The categories 'high' and 'good' are summed up 
to 'unstressed', the other three categories to 'stressed'. 
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stromi, S. morsitans, S. naturale, S. paramorsitans, 
S. reptans, S. rostratum and S. variegatum were exclud- 
ed from the analysis, as were sites completely lacking 
blackflies (two sites each of small and mid-sized sand- 
bottomed lowland streams and mid-sized mountain 
streams). MDS was performed with the XLStat 5.1 
package (ADDINSOFT 2002). Presence/absence in- 
stead of abundance analysis was performed ue to 
methodological constraints, ince the applied sampling 
technique was not best suited for quantitative sampling 
of Simuliid larvae and pupae. 
A Linear Multiple Regression (LMR) was used to re- 
veal the relationship between the distribution of Simuli- 
idae and the morphological quality of sites. Since the 
constancy of most species was too low for sound statisti- 
cal analysis, multiple regressions were exemplarily per- 
formed on data from three taxa: Simulium spp., 
Prosimulium spp. and P. hirtipes. Moreover, morpholog- 
ical parameters for organic type brooks (type D 02) were 
too heterogeneous to be used for regression analysis. 
Therefore this stream type was entirely excluded from 
regression analysis. Finally, six sites lacking blackflies 
were also excluded from the analysis. Regression analy- 
sis and significance tests were performed with STATIS- 
TICA 5.5 (STATSOFT, Inc. 2000). 
Results 
l"axa richness and species composition 
Blackfly larvae occurred at a total of 86 sites (= 93% of 
all sites), 47 sites (= 96%) in ecoregion 9, and 39 sites 
(= 91%) in ecoregion 14, respectively. A total of six sites 
were completely lacking Simuliidae; they represent the 
heaviest modified stream sections ampled in terms of 
morphological quality. Besides morphological impact, 
the 'non-blackfly sites' were also heavily degraded con- 
cerning the physical-chemical onditions (current veloc- 
ities below 6 cm/s, max. 140 mg/1 NO3, max. 12 rag/1 
BOD 5, max. 1740 pS/cm conductivity). 
A total of 189 samples were analysed, of which 98 
(= 52%) are located in the Low Mountain Range and 91 
samples (-- 48%) in the Central Lowlands. Simuliid lar- 
vae were found in 80 % of all samples. 
The entire list of identified blackfly taxa comprises 17 
species (Table 3). Additionally, several young and medi- 
um aged larvae of the genera Prosimulium and Simulium 
were present, which could not be determined to the 
species level. The genus Prosimulium was represented 
by three species, whereas Simulium comprised 14 
species and two additional species groups (Table 3). 
Table 3. List of identified blackfly taxa with constancy of occurrence, and number of records in 'un- 
stressed' and 'stressed' sites (bold = taxa preference for an ecoregion or a morphological state). 
No. of sites Morph. quality of sites 
Taxon ER 14 ER 9 'unstressed' 'stressed' 
Prosimulium hirtipes (FRIES 1824) - 25 13 13 
Prosimulium rufipes (MEIGEN 1830) - 7 4 3 
Prosimulium sp. - 42 21 21 
Prosimulium tomosvaryi (ENDERLEIN 1921) - 3 1 2 
Simufium angustipes-aureum-velutinum-gr. 1 - - 1 
5irnufiurn argyreatum MEIGEN 1838 6 10 8 8 
5irnu/iurn costatum FRiEDERICHS 1920 - 3 1 2 
5imufium equinum (LINNAEUS 1758) 5 1 3 3 
Simufiurn erythrocephalum (DE GEER 1776) 2 15 9 8 
Simulium fineatum (MEIGEN 1804) 7 4 8 3 
5imulium lundstromi (ENDERLEIN 1921) 1 - - 1 
Simufium morsitans (EDWARDS 1915) 1 - - 1 
5imufium natura/e (DAV]ES 1966) - 1 1 - 
5imufium omatum-gr. 10 14 13 11 
Simufium paramorsitans (RuBzov 1956) - 3 3 - 
5imufium reptans (LINNAEUS 1758) - 2 1 1 
5imufium rostratum (LUNDSTROM 1911) - 3 - 3 
Simufium sp. 39 43 38 44 
5imufium urbanum (DAvIEs 1966) 7 2 5 4 
Simufium variegatum MEIGEN 1818 - 1 - 1 
Simufium vernum MACQUART 1826 10 1 5 6 
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Comparison of lowland streams and 
mountain streams 
Data presented in Table 3 revealed ifferences in species 
composition between streams of the two ecoregions: in 
lowland streams a total of 10 species(groups) (plus un- 
specified larvae of the genus Simulium) was recorded, 
whereas 16 species(groups) (plus Simulium sp. and 
Prosimulium sp.) were present in mountain streams. 
P. hirtipes, P. rufipes, P. tomosvaryi, S. costatum, 
S. naturale, S. paramorsitans, S. reptans, S. rostratum 
and S. variegatum were recorded in ecoregion 9 only. 
Contrary, only few species(groups) were restricted to 
lowland streams: S. angustipes-aureum-veIutinum-gr., 
S. lundstromi and S. morsitans. 
Another 4 species, S. equinum, S. ornatum, S. ur- 
barium and S. vernum, were predominantly found in 
lowland streams. In case of S. vernum, this preference 
was significant (Mann-Whitney-U-test, p < 0.05). More- 
over, S. erythrocephalum revealed a clear preference for 
mountain streams (Mann-Whitney- U-test, p < 0.01). 
As shown in Table 4, the number of taxa was signifi- 
cantly higher in mountain streams than in lowland 
streams. This difference in species number characterizes 
both, 'stressed' and 'unstressed' sites (Mann-Whitney- 
U-test, p < 0.01; Table 4). The difference was mainly due 
to the frequent occurrence of ProsimuIium spp., which 
was restricted to ecoregion 9. Prosimulium spp. oc- 
curred at 42 sites, i.e. 86% of all mountain sites. 
Comparison of 'stressed' and 'unstressed' sites 
On a broad scale, i.e. based on the entire dataset and as 
well on the data of ecoregion 9 (Table 4), the mean num- 
ber of blackfly species proved to be higher at 'un- 
stressed' than at 'stressed' sites (Mann-Whitney-U-test, 
p < 0.01). 
For two stream types (D 03: mid-sized sand-bottomed 
lowland streams; D 04: small siliceous gravel-bed 
mountain streams) the mean number of taxa was signifi- 
cantly higher at 'unstressed' than at 'stressed' sites 
(Table 4; Mann-Whitney-U-Test, p < 0.01). 'Unstressed' 
sites were colonised by 3.9-4.1 taxa, whereas only 
1.7-2.9 taxa were found at 'stressed' sites. 
In contrast, small sand-bottomed lowland streams 
(type D 01) contained a considerably higher number of 
taxa at 'stressed' sites than at 'unstressed' sites (2.0 vs. 
0.8 taxa respectively). This was also the case in organic 
brooks (type D 02:2.0 vs. 1.6 taxa at 'unstressed' sites 
respectively). 
While several species and higher-level taxa occurred 
with almost he same constancies at 'stressed' and 'un- 
stressed' sites (Prosimulium sp., S. argyreatum, S. costa- 
turn, S. equinum, S. erythrocephalum, S. ornatum-gr., 
S. urbanum and S. vernum) others seemed to be more 
sensitive to morphological degradation of streams 
(Table 3): S. naturale and S. paramorsitans were found 
only at 'unstressed' sites. However, both were recorded 
very rarely, and thus the results do not prove a clear pref- 
erence of these taxa for 'unstressed' morphological con- 
ditions and should be interpreted with care. 
S. lineatum was the only species, which showed a 
clear and stream type-specific preference for morpho- 
logically undisturbed sites. S. lineatum most frequently 
(50%) colonized mid-sized sand-bottomed lowland 
streams (type D 03), where its preference for 'un- 
stressed' sites was significant (Mann-Whitney-U-test, 
p < 0.05). Moreover, the constancy of S. lineatum at 'un- 
stressed' sites was almost three times as high as at 
'stressed' sites, when both ecoregions are considered. 
In contrast, five taxa were found at 'stressed' sites 
only: S. angustipes-aureum-velutinum-gr., S. lundstro- 
mi, S. morsitans, S. rostratum and S. variegatum. But as 
their total constancy was very low (recorded at only 1-3 
sites), a clear preference of these taxa cannot be stated. 
Besides morphological degradation, our analyses also 
revealed a significant difference between small and 
medium sized streams. 'Unstressed' mid-sized lowland 
Table 4. Mean number of taxa ± SD at 'unstressed' and 'stressed' sites, restricted to taxa with a minimum constancy of 5%. Values are given for 
the entire dataset as well as for stream types and ecoregions. The significance level was tested with Mann-Whitney-U-test Valid n = No. of sites. 
Stream type 'unstressed' 'stressed' 
mean ± SD valid n p mean ± SD valid n 
D 01,small 0.8±0.5 4 
D 02, small 1.6±0.6 5 
D 03, mid-sized 3.9 ± 0.6 9 
D 04, small 4.1 ± 1.1 13 
D 05, mid-sized 4.8 ± 1.6 8 
Ecoregion 14 2.6 +_ 1.5 18 
Ecoregion 9 4.3 ± 1.3 21 
Entire dataset 3.5 ± 1.7 39 
n.s. 2.0±1.8 8 
n.s. 2.0±1.1 8 
<0.01 1.7±1.4 9 
<0.01 2.9±1.1 16 
n.s. 3.6±2.5 12 
ms. 1.9±1.4 25 
<0.01 3.2±1.8 28 
<0.01 2.6±1.7 53 
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streams (type D 03) were colonized by significantly 
more taxa than small streams of the same ecoregion 
(types D 01 and D 02) (Mann-Whitney-U-test, 
p < 0.001, Table 4). In particular, 'unstressed' mid-sized 
sand-bottomed streams were colonized by four times 
more taxa than small sand-bottomed streams of the same 
morphological status. 
A reverse trend is evident when analysing 'stressed' 
lowland sites, however, without a clear correlation be- 
tween stream size and number of taxa. The mean num- 
ber of blackfly species at 'stressed' lowland sites varied 
from 1.7-2.0. 
Contrasting to the lowland streams, 'stressed' sites of 
mountain streams were colonized by a mean of 2.9-3.6 
taxa, and stream types of ecoregion 9 showed increasing 
taxa numbers with increasing stream size for both, 
'stressed' and 'unstressed' sites, even if the type-specific 
differences in taxa numbers were not significant 
(Table 4, Mann-Whitney-U-test, p >0.250). 
Comparison of stream types 
Community differences between stream types were anal- 
ysed using Multidimensional Scaling (MDS). The goal 
of MDS is to detect underlying dimensions that explain 
observed similarities or dissimilarities (distances) be- 
tween the investigated objects. With MDS, any kind of 
similarity or dissimilarity matrix can be analysed, which 
is a major difference to the similar Factor Analysis that is 
based on a correlation matrix (e.g. GAUCH 1982). 
The MDS ordination plot clearly reveals two major 
groups: sites of ecoregion 9 are located in the left half, 
and those of ecoregion 14 in the right half of the plot re- 
spectively (Fig. 4). Thus, ecoregion proved to be the pre- 
dominant factor explaining blackfly community vari- 
ance. Moreover, the small and mid-sized lowland 
streams (type D 01/D 02 and D 03, respectively) cluster 
separately, which also reveals stream size-dependent 
differences in the blackfly community. The discrimina- 
tion of small and mid-sized streams in ecoregion 14 is 
possible with S. lineatum and S. ornatum-gr.: both taxa 
were very rarely found in small streams. 
The lowest cluster with two mid-sized lowland sites 
(Fig. 4, ER 14: D 03 0010 and D 03 0013) can be traced to 
S. argyreatum and S. vernum; both taxa were recorded ex- 
clusively in the two sites when analysing 'unstressed' 
sites only. However, when the entire dataset is consid- 
ered, both species were neither restricted to 'unstressed' 
sites nor were they limited to sites of ecoregion 14. Thus, 
the isolated small cluster in Fig. 4 is somewhat rtificial. 
Multiple regression with Simulium spp. 
and selected morphological parameters 
The first LMR model was calculated with the genus 
Simulium and a set of 44 morphological variables. Nine 
site protocol parameters were finally included in this 
model as listed in Table 5. Accordingly, three morpho- 
logical features were identified as major factors with a 
significant discrimination: '% of bank fixation with 
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wood/trees at site', '% of macrophyte coverage at site' 
and 'mean current velocity at site'. While macrophyte 
coverage and current velocity are understandable fea- 
tures, both supporting blackfly colonization, the share of 
bank fixation by means of other than concrete and stones 
is questionable. This kind of 'soft' bank fixation is often 
achieved with riparian woody vegetation (e.g. Black 
Alder Anus glutinosa), which is deliberately planted in 
order to fix the bank top. 
The first model revealed three outlier sites, of which 
the residuals deviated more than 2.5 SD from the mean. 
Residuals are differences between the observed values 
and the corresponding values that are predicted by the 
model, and thus they represent the variance that is not 
explained by the model (STATSOFT, Inc. 2000). 
Because this first model explained only 38% of the 
total variance (W), a second model was calculated with 
six of the nine morphological variables from the first 
model. Supplementary, the three outliers (one site of type 
D 03, two sites of type D 04) identified through the first 
model, were a priori excluded from the second model. 
The second (final) model explained 47% of the total 
variance of Simulium spp., with three significantly dis- 
criminating abiotic parameters: '% shading at site', 
'% coverage of macrophytes' and 'mean current velocity 
at site'. Other parameters in the analysis were 'number 
of debris dams', 'number of organic substrates' and 'CV 
of depth at site'. 
Multiple regression with Prosimulium spp. 
and selected morphological parameters 
The same procedure of LMR as shown above for Simuli- 
um spp., was used to analyse the distribution of 
Prosimulium spp. in mountain streams of ecoregion 9. 
The first model comprised six site protocol parameters 
('% land use category grassland/pasture at site', 'num- 
ber of debris dams' and 'number of organic substrates', 
'% coverage of lithal' and '% coverage of xylal', and 
'CV of current velocity'), which explained almost 50% 
of the variance of Prosimulium spp. 
Again a second model was calculated excluding the 
outliers identified from the first model (two sites of type 
D 04). Finally, it contained seven morphological param- 
eters and explained 57% of the variance in ProsimuIi- 
um's distribution. Parameters with a significant beta 
were '% share of urban area in catchment/at si e', 'num- 
ber of organic substrates' and 'number of debris dams'. 
Other parameters considered inthe model were '% crop- 
land in catchment/at si e', 'average width of woody ri- 
parian vegetation', '% coverage of lithal' and 'mean 
depth at site'. The '% share of cropland at site' e.g. is an 
indicator for extensive land use practices adjacent to the 
river course, and seems to affect he Prosimulium com- 
munity. 
Multiple regression with P. hirtipes 
and selected morphological parameters 
After a first run the best discriminating site protocol pa- 
rameters were identified and used in further analytical 
models. No outlier was excluded from the model. 
The model revealed seven morphological parameters 
as best suitable and explained almost 70% of the total 
species' variance (Table 6). Besides the parameters iden- 
tified as influential for Prosimulium spp., the variance in 
P. hirtipes was additionally explained by '% share of na- 
tive forest in catchment', 'width of the floodplain' and 
Table 5. Site protocol parameters and statistical properties of two linear multiple regression models on Sirnufium spp. ('x' indicates variables 
included in the respective model; bold values indicate a significant beta, which is a measure for the individual contribution to the variance ex- 
plained by the respective model) 
Code Site protocol parameters Model 1 Model 2 
F = 4.74 F = 10.10 
p < 0.001 p < 0.001 
R 2 = 0.38 beta R 2 = 0.47 beta 
a 69 Shading at zenith x 0.131 x 0.255 
a 74 No. of debris dams x 0.172 x 0.139 
a 76_91 Shoreline covered with woody vegetation x -0.020 
a 79_92 Bank fixation stones x -0.070 
a 79_93 Bank fixation other materials x 0.267 
a104_93 No. of organic substrates × 0.030 x 0.232 
a104_94 % macrophytes x 0.273 x 0.259 
a116_91 CV depth at site x 0.233 x 0.151 
a119 Mean current velocity at site x 0.429 x 0.552 
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'number of transverse structures upstream of the site'. In 
particular, floodplain width, land use practices and trans- 
verse structures upstream of the site seem to have a strong 
influence on P. hirtipes as shown by high values for beta. 
However, the model itself lacked robustness and the 
analysis of residuals did not show all parameters to fol- 
low a normal distribution, which is a prerequisite for sta- 
tistically sound results. 
Discussion 
Methodological constraints 
The multi-habitat sampling (MHS) applied in this study 
is known to be well-suited to record benthic macroinver- 
tebrates, ince shovel-sample units are taken from each 
substratum representative to it's coverage of the stream 
bottom (BARBOUR et al. 1999). However, for two reasons 
MHS proved to be insufficient o sample blackflies 
quantitatively and qualitatively: i) Substrates frequently 
covering considerably ess than 5% of the sampled area 
(e.g. few stands of macrophytes, single boulders or few 
pieces of woody debris) were omitted with this method. 
Therefore substrates likely to be preferred by larval and 
pupal Simuliidae were underrepresented in the 
samples, ii) The precise determination of pre-imaginal 
blackflies depends on pupal features, but most individu- 
als caught by shovel sampling were young to medium- 
aged larvae. Hence, the number of reliably identified 
species of each sample and consequently the whole 
species list was comparatively small. 
For example, a mean number of 4.3 species was 
recorded for unstressed mountain streams (ecoregion 9), 
whereas REIDELBACH (1994) recorded 13 species in the 
Table 6. Site protocol parameters and statistical properties for the 
linear multiple regression model on P. birtipes ('x' indicates variables 
included in the model; bold values indicate a significant beta, which 
is a measure for the individual contribution to the variance explained 
by the respective model) 
Code Site protocol parameters Model 1 
F = 11.38 
p<O.O01 
R 2=0.69 beta 
a 19_92 % native forest in catchment × 0.324 
a 19_94 % urban area in catchment x 0.288 
a 26 width of floodplain x 0.624 
a 30_12 % cropland at site x 0.581 
a 31 No. of transverse structures upstream x 0.566 
a103_91% lithal × 0.250 
a 11692 EV current velocity at site x 0.392 
stream 'Breitenbach' (Hesse). SErTZ (1992) found 7-11 
species in different unstressed streams in Bavaria. More- 
over, we recorded atotal of 18 species, which was mere- 
ly half the number of species expected for the investigat- 
ed area (Bayerisches Landesamt fiir Wasserwirtschaft 
1996; TIMM & JUHL 1992; SEITZ 1992). 
The main objective of AQEM was to assess tream 
and river habitat quality, thus the methodological disad- 
vantages mentioned above were inevitable and accept- 
able; e.g., if the whole set of available habitats had been 
sampled at each site regardless of representativeness and
coverage, the resulting community probably would not 
have shown the expected habitat degradation i terms of 
species richness. More likely, the community would 
have indicated adiffuse degradation. In this case assign- 
ing degradation to a certain stressor would have been 
more difficult. Accordingly, the applied sampling 
method is presumed to be more appropriate incase of as- 
sessment purposes, since a stream type-specific opera- 
tional taxalist offers sufficient information for assess- 
ment purposes. 
ZWICK (1974) described methodological problems in 
case of quantitative samples, too, when a site comprises 
a diverse habitat composition. The author found time-re- 
stricted samples (10 minutes, resp. 5 minutes when large 
stands of floating macrophytes occur) as best-suited and 
comparable for sampling representative blackfly com- 
munities. However, time-restricted sampling is pre- 
sumed to be related to the researcher's experience and 
skills, and is thus not suited to get standardized macroin- 
vertebrate samples for assessment. 
Taxa richness and species composition 
of the investigated stream types 
Simuliidae were frequently encountered in all investi- 
gated stream types of both ecoregions: blackflies oc- 
curred at 93% of the sampled sites and in 80% of the 
samples. The frequent and wide distribution fulfils a 
major demand on macroinvertebrate indicator organ- 
isms for stream and river assessment (SEITZ 1992). The 
present study, which was based on either presence / ab- 
sence data or on the most constant (determinable) taxa 
(Simulium spp., Prosimulium spp., P. hirtipes, S. linea- 
tum, S. ornatum-gr, and S. vernum), revealed remarkable 
results concerning blackfly relationships to morphologi- 
cal habitat features. Moreover, ecoregions and two low- 
land stream types were clearly distinguished by the 
blackfly community. 
Species' preferences for certain stream types have al- 
ready been described earlier. SEITZ (1992) e.g. found 
S. costatum, S. naturale, S. variegatum and S. reptans in 
mountain streams and small rivers. At least in some 
species, the underlying ecological background probably 
responsible for a species' restriction to a region or 
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stream type, is known quite well. Species of the genus 
Prosimulium for example are known to colonize mosses, 
which are typically found on large stones and other sta- 
ble solid substrates at the shoreline of mountain streams. 
Females of Prosimulium sp. depend on the presence of 
these mosses for oviposition (ZW~CK & ZWICK 1990; 
TIMM 1993; TIMM & KLOPP 1993), 
The restriction of ProsimuIium sp. to mountain 
streams of ecoregion 9 (types D 04 and D 05, Table 3) 
corresponds to the results of earlier studies. WIRTZ 
et al. (1990) e.g. stated a sharp borderline with 
Prosimulium sp. restricted to altitudes > 200 m where 
ecoregion 9 (Central Low Mountain Ranges) borders on 
ecoregion 14 (Central Lowlands). 
S. variegatum is likely dependent on high current ve- 
locities and oxygen levels (KmL & FRUTI~ER 1997), and 
thus frequently occurs at higher altitudes. S. costatum 
and S. naturale seem to prefer springs or spring fed 
streams, and are therefore found more frequently in 
mountain streams of ecoregion 9. 
On the other hand, our study revealed highest con- 
stancies for S. equinum, S. ornatum-gr., S. urbanum and 
S. vernum in the Central Lowlands (ecoregion 14), 
which corresponds tothe ecological knowledge of the 
species (Bayerisches Landesamt far Wasserwirtschaft 
1996; SErrz 1992). Although all species are usually en- 
countered in ecoregion 9 as well, they prefer lowland 
streams. Here we find large populations of S. equinum, 
S. ornatum-gr, and S. vernum. In particular, S. equinum 
and S. ornatum-gr, are frequently found in greater num- 
bers on densely growing submerged macrophyte l aves, 
and at sites with little or no riparian woody vegetation 
(TIMM & KLOPP 1993). S. vernum prefers haded low- 
land sites with a well developed woody riparian vegeta- 
tion. Although S. ornatum-gr, may also occur there, 
S. vernum usually replaces S. ornatum-gr, at shaded 
sites, due to different requirements for oviposition sites 
(TNM 1994). 
Regarding S. erythrocephalum, S. rostratum and 
S. morsitans, our results differ from previously pub- 
lished results. For example, we recorded S. erythro- 
cephalum most frequently in mountain streams (ecore- 
gion 9), although the species is usually considered as to 
prefer mid-sized to large lowland streams (SE~TZ 1992; 
TIMM 1995). 
S. Iundstromi was missing in ecoregion 9; even if the 
species is known to prefer lowland streams, it is also 
known to colonize streams of higher elevation 
(SEITZ 1992), and thus should have been present in 
mountain streams, too. Additionally, records of S. ros- 
tratum, a species which usually colonizes lake outflows 
and can hence be expected in both ecoregions, were re- 
stricted to mountain streams. 
At least in terms of S. lundstromi and S. rostratum 
these discrepancies might be due to the sampling 
method or the large number of unidentifiable larvae. If 
sampling were focussed on pupae, both species probably 
would have been found in other stream types, too. Like- 
wise, the underrepresentation of S. erythrocephalum, 
which usually colonizes ubmerged macrophyte l aves, 
might also be due to the applied sampling method. 
Factors to assess 'stressed' and 'unstressed' 
As most Simuliidae are passive filter feeders, current ve- 
locity and flow pattern are very important for their devel- 
opment. Among other factors, the confinement ofseveral 
species to a particular flow pattern seems to be based on 
morphometric features. According to the result of 
MALMQVIST et al. (1999) there was a strong (negative) 
correlation between current velocity and stream size, and 
size of larval headfans: pecies colonizing streams with 
low current velocities had large headfans, while species 
preferring larger ivers and high current velocities had 
small head fans. MALMQVIST et al. (1999) concluded that 
flow pattern thus should govern species richness in a 
stream, because fans which are too large in relation to 
maximum flow might collapse while fans which are too 
small will be ineffective at slow flow velocity. 
Our results upport this assumption, atleast for Cen- 
tral Lowland streams (type D 01, D 02 and D 03). At 
'unstressed' lowland sites species richness and stream 
size were correlated, and a significant difference be- 
tween small and mid-sized streams was evident. The 
mean number of species in mid-sized 'unstressed' low- 
land streams was for example four times as much as it 
was in small owland streams. MALMQVIST et al. (1999) 
found that sites in small and large streams formed istant 
groups in an MDS-plot. Hence, their data also indicated 
size-dependent differences inspecies composition. 
Linear multiple regression revealed current velocity 
to be one of the parameters suited to explain the variance 
in the distribution of species which occurred frequently 
(> 50% of the sites), e.g. SimuIium sp., Prosimulium sp. 
and Prosimulium hirtipes. 
Despite the obvious influence of current velocity, fur- 
ther factors also affect he blackfly community structure. 
According to the MDS-analyses of MALMQVIST 
et al. (1999), factors correlated with stream size - espe- 
cially discharge, depth, channel width, and substratum - 
are of paramount importance. MALMQVIST et al. (1999) 
further showed that small streams changed comparably 
more with increasing width than did large rivers. Hence, 
even if channel size and corresponding parameters 
change only slightly, a focus on these features may still be 
important. The high number of abiotic variables recorded 
during the fieldwork help to reveal the relation of struc- 
tural parameters and species' occurrence. Shading, for ex- 
ample, indicates the presence of riparian woody vegeta- 
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tion, which also forms a source of woody debris and other 
particulate organic matter (e.g. FPOM and CPOM). As 
CPOM together with woody debris often causes an in- 
creased variability of current velocity and depth, these 
features indicate more natural f ow conditions and a more 
natural variability of the morphometry. Thus, shading is 
presumed to be a useful (indirect) parameters todescribe 
the structural and faunistical situation. 
To a certain extent, this is true for the macrophytes, 
too. Naturally, macrophytes would cover hardly more 
than 15% of the stream bottom in small streams, as was 
evident from the present study. Therefore, a negative 
correlation exists between the degree of shading at site 
and the % coverage of macrophytes; both directly and 
indirectly affect he benthic ommunity. The differences 
in blackfly species composition at small and mid-sized 
streams may be due to a decrease in shading by riparian 
vegetation, which causes an increase in aquatic macro- 
phyte density. Results from WRIGHT et al. (1983) re- 
vealed the importance ofplant leaves for blackfly densi- 
ties. The authors showed that abundances of larval 
Simuliidae were more than ten times as high on Beru- 
la sp. and Ranunculus sp. stands than they were on bare 
sand or gravel. Larvae and pupae need firm contact with 
the substratum, because blackfly larvae attach them- 
selves to the substrate for filter feeding and to fix pupal 
cocoons. This firm surface contact is achieved by a labi- 
al gland secretion of the larvae, which is spread onto the 
substratum, either in order to fix the abdominal hooks or 
to fasten the pupal cocoon (BARR 1982; EYMANN & 
FRIEND 1988; REIDELBACH & KIEL 1990). Bare sand or 
gravel bars usually provide suboptimal conditions for 
larval or pupal attachment: With increasing current ve- 
locities, sand and gravel are mobilized, thus forcing 
blackflies to detach and move. Therefore, in unstressed 
sandy streams, highest blackfly population usually grow 
up at sites with floating macrophyte l aves. 
The lower degree of shading, which enables ahigher 
percentage ofmacrophyte coverage in lowland streams, 
may also be responsible for the colonization through a
considerably higher number of taxa at 'stressed' sites 
than at 'unstressed' sites (2.0 vs. 0.8 taxa respectively) in 
small sand-bottomed lowland streams (type D 01). Al- 
though current velocity and the availability of particles 
for filter feeding might be optimal at 'unstressed' sites of 
lowland streams, blackfly larvae likely do not have opti- 
mal conditions. Stable substrate surfaces might be a lim- 
iting factor in this stream type, because for several rea- 
sons, most surfaces offer suboptimal adhesive condi- 
tions: very frequently, the sandy streambed is subject o 
a short-termed reorganizaion (see above) even at inter- 
mediate current conditions. When current velocities de- 
crease .g. during low flow conditions in the summer, 
siltation of the substrate surfaces occurs. Stable surfaces 
directly exposed to higher flow velocities (boulders, 
stones, logs) are usually quite rare in most streams of 
this type, and are frequently colonised by other macroin- 
vertebrate groups like e.g. Hydropsyche spp., which de- 
pend on stable substrate surfaces, too, and which are 
known to be successful competitors (HEMPHILL &; COOP- 
ER 1983; HEMPI-IILL 1988). Additionally such single and 
stable 'islands' are quickly covered by Aufwuchs or 
(silk) remnants of previous (blackfly) colonisers. Both, 
Aufwuchs and silk remnants represent suboptimal dhe- 
sive conditions, which leads to earlier detachment of
blackfly larvae (KIEL 1996; KIEL et al. 1998). 
In small sand-bottomed lowland streams, besides 
large amounts of woody debris, macrophyte l aves eem 
to offer the best surfaces for colonization. Although 
Aufwuchs covers submerged leaves too, new leaves 
continually grow until autumn, thus continuously pro- 
viding bare surfaces. It follows that 'stressed' sites, in- 
completely shaded ue to lack of woody riparian vegeta- 
tion, have a larger area of the streambed covered by sub- 
merged macrophytes, and thus usually inhabit a more di- 
verse blackfly community. In certain streams, however, 
morphological degradation is more likely to causes are- 
duction in blackfly species richness than an increase. For 
mountain streams of ecoregion 9, this relation was sig- 
nificant. 
Simuliidae were lacking at six sites, which belong to 
the heaviest modified sections in terms of morphological 
quality. But supplementary to the morphological degra- 
dation, these 'blackfly-free' sites also showed heavily 
impaired physical-chemical conditions: nitrate-load, 
BOD5 and conductivity reached high levels (up to: 
140 rag/1 NO3, 12 mg/1 BOD 5 and 1740 gS/cm respec- 
tively). 
Although the physical-chemical p rameters may have 
affected the species composition of blackflies, at least 
S. ornatum-gr, is known to tolerate such conditions 
(KmL, pers. observ.). TIMM (1995) mentioned that S. or- 
natum-gr, is usually the most tolerant species group in 
terms of water quality. 
Intense (agricultural) and use practices are often 
linked with severe morphological degradation like scour- 
ing, straightening and stagnation. Straightening leads to 
an increase in current velocities, which again necessi- 
tates building weirs in order to prevent from progressive 
scouring. However, weirs dramatically decrease current 
velocities, which proved to be one of the main morpho- 
logical parameters determining the presence of 
ProsimuIium sp. and Simulium sp. in the present study. 
Hence, we assume that he total ack of Simuliidae at six 
sites was not solely caused by the severe physical-chemi- 
cal degradation at the sites, but rather by severe structural 
deterioration. Besides, it is not known whether high nu- 
trient loads e.g. directly affect blackfly larvae or pupae. 
Current velocity might also be the reason, why the 
organic brooks (type D 02) were colonised by slightly 
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more taxa at 'stressed' sites than at 'unstressed' (2.0 vs. 
1.6 taxa respectively). As the bed of organic brooks is 
usually almost completely covered by mosses and these 
streams usually have low current velocities 
(RASPER 2001), blackflies often are quite rare or are 
characterised bya clumped istribution. Degraded sites 
of this stream type are characterized by increasing 
sandy (mineral) habitats and increasing current veloci- 
ties. Hence, organic type brooks were colonised by a 
more diverse blackfly community when slightly de- 
graded. Moreover, degradation apparently affected the 
pH, which was 5.6 + 1.3 at 'unstressed' and 6.4 + 0.5 
(mean + SD) at 'stressed' sites, respectively. Although 
no correlation was found between pH and taxa richness 
measures for this stream type increasing pH may be an- 
other eason for higher taxa numbers at 'stressed' sites 
of this stream type. 
ZHANG et al. (1998) found a strong positive correla- 
tion between the availability of suspended particles (ses- 
ton) and species richness in both, regulated and unregu- 
lated streams. Sites with high species richness and abun- 
dance were - among other factors - seston-rich. The au- 
thors proposed that the availability of small particles 
controls the abundance ofblackfly larvae, however, the 
availability of small particles was not influenced by flow 
regulation. Since blackflies are non-selective f eders of 
suspended particles and DOM, species richness might 
be favoured by higher particle load, even in streams of 
lower ecological quality. 
Additionally, the study of ZHAN~ et al. (1998) sup- 
ports the assumption that certain (natural or anthro- 
pogenic) situations may cause an increase in simuliid di- 
versity. The authors argued that simuliid communities 
can be a feature of disturbed sites. Certain impacts espe- 
cially ground ice, spates or complete dry-up, might 
favour blackfly diversity. Blackfly larvae are known to 
cope better with flow disturbances than several of their 
predators and competitors (HEMPHILL & COOPER 1983). 
Scouring and reorganization f substrates after floods 
e.g. offer new bare substrate surfaces (MATTHAEI et 
al. 1997), which are well-suited for blackfly coloniza- 
tion (KIEL 1996, KIEL et al. 1998). 
Simuliidae and the AQEM Assessment System 
The AQEM Assessment System to assess five selected 
German stream types (AQEM Consortium 2002) by 
means of a multimetric approach, considers (amongst 
other taxonomical groups) blackflies on two different 
levels: 
First, on a community level, blackflies trongly influ- 
ence the share of several metrics, such as '% share of 
rheophilic/rheobiont preferences', '% share of filter- 
feeders' and '% share of lithal preferences'. The multi- 
metric index to assess mall and mid-sized sand-bot- 
tomed streams of ecoregion 14 (types D 01 and D 03, re- 
spectively) uses '% rheophilic preferences' asa core 
metric. 'Percent share of filter-feeders' and '% share of 
lithal preferences' are part of the multimetric ndex to as- 
sess mid-sized mountainous gravel-bed streams of 
ecoregion 9. 
Moreover, selected Simuliids add to the assessment 
system on a species level, which currently comprises 
eight species: Prosimulium hirtipes, P. tomosvaryi, 
Simulium equinum, S. erythrocephalum, S. lineatum, 
S. paramorsitans, S. urbanum and S. vernum. On the 
basis of both, presence/absence and abundance, these 
species are used to calculate another core metric, the 
German Faunaindex (FEED et al. 2002; PAULS et al. 
2002). The Faunaindex corresponds tothe principle of 
sensitive and tolerant axa in terms of morphological 
habitat degradation. Simulium lineatum e.g. proved to be 
suitable - on the basis of the present study - to indicate 
'unstressed' morphological conditions in mid-sized low- 
land rivers (type D 03). However, in case of small sand- 
bottomed lowland streams (type D 01), the species indi- 
cates a morphologically 'stressed' situation. The con- 
trasting indicator characteristics of S. lineatum within 
two similar stream types are presumed to be due to the 
habitat requirements of this species in Central Lowland 
streams: S. lineatum significantly preferred 'unstressed' 
mid-sized sites, which corresponds toits (epi)potamal 
preference after MooG (1995) and Bayerisches Lan- 
desamt far Wasserwirtschaft (1996). Accordingly, oc- 
curring in small streams, S. lineatum might indicate a
habitat shift from rhithral to potamal, which on the other 
hand might indicate stagnation by weirs or an unnatural 
expansion of submerged macrophyte stands. 
As already discussed previously, species-based indi- 
cation and assessment of morphological quality is based 
on appropriate sampling methods. Although the multi- 
habitat sampling applied in AQEM is not the best suited 
method to record a high number of Simuliid species, the 
present study yet shows the potential of Simuliidae for 
stream and river assessment. Therefore, further esearch 
effort might help to explore the indicative potential of 
this macroinvertebrate group. 
Zusammenfassung 
Die Simuliiden-Z6nose ftinf deutscher Flieggew~isser- 
typen (kleine und mittelgroge silikatische Schotter- 
flieggewfisser der Zentralen Mittelgebirge, Okoregion 9, 
sowie organische B~iche, und kleine und mittelgroge 
sandgeprfigte Flieggewfisser des Zentralen Tieflands, 
C)koregion 14) werden verglichen. Okoregionale und den 
Flieggew~issertyp betreffende Unterschiede werden 
diskutiert. Das Vorkommen yon Prosirnulium sp. war auf 
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Mittelgebirgsflieggew~isser beschrfinkt, w~ihrend Simuli- 
um lineatum mittelgrof3e sandgepr~igte Ti flandflt~sse zu
bevorzugen scheint. S. vernum zeigte eine klare Prfife- 
renz f~r Tieflandflieggew~isser. 
Ein morphologischer Stressindex (IMS) wird 
vorgestellt. Er wurde aus 22 parallel zur Probennahme 
erhobenen geo-hydromorphologischen Parametern 
abgeleitet. Entsprechend der Indexwerte rfolgte eine 
Einteilung der Probennahmestellen (PST) in,  PST mit 
morphologisch sehr guter oder guter Qualit~it' (,un- 
stressed') und PST mit morphologisch moderater/un- 
befriedigender oder schlechter Qualit~it (,stressed'). 
Die bioz6notischen Unterschiede beider Kategorien 
werden diskutiert. Zwei Flieggew~issertypen und der 
gesamte Datensatz eigten signifikant h6here Taxa- 
zahlen an mittelgrogen sowie an ,ungestressten' PST. 
Lineare Multiple Regression (LMR) wurde eingesetzt, 
um die geo-hydromorphologischen Parameter zu iden- 
tifizieren, die die Varianz im Vorkommen der drei h~iu- 
figsten Taxa (Prosimulium sp., P. hirtipes und Simulium 
sp.) erkl~iren. 
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